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Purpose: To develop a nomogram for predicting biochemical incomplete response (BIR) in 
the dynamic risk stratification (DRS) of papillary thyroid carcinoma (PTC) patients without 
structural recurrence, and to investigate its validity.
Patients and Methods: Overall, 1705 (1005 and 700 in the training and validation cohorts, 
respectively) PTC patients treated with total thyroidectomy without structural recurrence were 
included. multivariate logistic regression analyses were performed to determine the significant 
predictors of BIR in the training cohort. A nomogram was subsequently constructed for BIR 
risk prediction. Assessments for the predictive accuracy, discrimination, and calibration of the 
nomogram were performed. Subsequently, internal and external validations were conducted.
Results: In the multivariate analysis, age, sex, lymph node metastasis site, extrathyroidal 
extension, and lymphovascular invasion showed significant predictive value; using these 
predictive factors and tumor size, a nomogram for BIR risk prediction was constructed. In 
the training cohort, the nomogram showed good predictive performance and discrimination 
in the receiver operating characteristic (ROC) curve analysis, with an area under the curve 
(AUC) of 0.765. In internal validation, the bootstrap-corrected AUC was 0.76. The calibra-
tion plot showed good agreement between the predicted and actual observation. The 
Hosmer–Lemeshow (HL) test did not suggest a lack of fit (p=0.1613). In the external 
validation, the AUC was 0.828 in the ROC curve analysis; the calibration plot showed 
good quality, and the HL test did not suggest a lack of fit (p=0.2161).
Conclusion: The constructed nomogram may effectively predict the risk of BIR in DRS in 
PTC patients without structural recurrence.
Level of Evidence: Level 4.
Keywords: papillary thyroid carcinoma, dynamic risk stratification, nomogram, biochemical 
incomplete response

Introduction
Thyroid cancer is a common endocrine malignancy, with papillary thyroid carci-
noma (PTC) being the most frequently observed histologic subtype.1–4 Previous 
studies have shown favorable prognoses associated with PTC;5,6 however, the 
incidence of locoregional recurrence is significant in PTC patients during the 
follow-up period. The risk of recurrence was initially predicted using the staging 
system, which includes patients’ disease characteristics at diagnosis.7–9

In the 2015 American Thyroid Association (ATA) guideline, the dynamic risk 
stratification (DRS) system was proposed to evaluate individual responses to initial 
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therapy in PTC patients.10 This tool is equivalent to the initi-
ally used staging system, as recurrence risk in the initial 
staging system can be re-stratified based on the patients’ 
response to initial therapy, allowing for the guidance of follow- 
up management strategies.

In the DRS system, patients are classified into four 
response categories according to their imaging and labora-
tory test results: excellent response (ER), indeterminate 
response (IR), biochemical incomplete response (BIR), and 
structural incomplete response (SIR). Although the disease 
spontaneously evolves to “no evidence of disease” with 
additional therapy in a majority of these patients with BIR, 
BIR may be clinically significant, as 19–27% of patients 
experience persistently abnormal high thyroglobulin (Tg) 
levels and 8–17% of them experience structural recurrence 
in the 5–10-year follow-up period after initial therapy.10 

Although the management guidelines for patients with SIR 
suggest the extirpation of recurrence lesions, there are no 
distinct guidelines for the management of patients with BIR.

Accordingly, clinician-related variations exist in man-
agement strategies for patients showing a BIR, including 
active surveillance with frequent laboratory and imaging 
studies, additional radioactive iodine (RAI) ablation therapy, 
or sustained thyroid-stimulating hormone (TSH) suppres-
sion therapy that may not be necessary.11 Moreover, patients 
with BIR may be exposed to unwarranted imaging studies to 
identify possible recurrence lesions, leading to unnecessary 
biopsy or surgery and eventually increasing morbidity and 
worsening patients’ quality of life. However, previous stu-
dies have reported only individual risk factors for BIR; there 
is no comprehensive prediction model including risk factors 
for the estimation of BIR risk. Therefore, the development 
of a reliable prediction model for the estimation of BIR risk 
on DRS could aid in the prediction of prognoses and provide 
reliable information on the clinical course and surveillance 
recommendations for PTC patients.

Therefore, in this study, we aimed to develop 
a nomogram for the prediction of BIR in the DRS of PTC 
patients without structural recurrence, and to investigate its 
validity through internal and external validations.

Patients and Methods
Study Cohorts
We retrospectively reviewed the patients’ electronic medical 
records for clinicopathologic data and classified them into the 
training and validation cohorts based on two independent 
hospital datasets. In the training cohort, the data of 1104 

PTC patients aged >18 years who were treated with total 
thyroidectomy (TT) in St. Vincent’s Hospital between 
January 2012 and December 2017 were examined. In the 
validation cohort, the data of 776 PTC patients aged >18 
years who were treated with TT in Seoul St. Mary’s Hospital 
between May 2013 and December 2015 were collected.

Ethical Statement
This study was approved by the Institutional Review Board 
(IRB) of St. Vincent’s Hospital (IRB No. XC20RADE0141). 
All procedures involving human participants were conducted 
in accordance with the ethical standards of the Institutional 
Research Committee and the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards. 
All participants provided written informed consent for stor-
ing medical information in the hospital database and use this 
information for research purposes.

Data Collection and Patient Inclusion
Data on the baseline clinicopathologic characteristics out-
lined in Table 1 were obtained. Central lymph node dissec-
tion (CLND) was performed for prophylaxis or treatment at 
the surgeon’s discretion. When CLND was performed pro-
phylactically, the ipsilateral or bilateral central neck com-
partment in the same side as the PTC was dissected, even in 
the absence of clinical suspicions of lymph node (LN) 
metastasis. When CLND was performed therapeutically, 
the ipsilateral or bilateral central neck compartment was 
dissected only when metastatic LNs were preoperatively 
identified, as confirmed by biopsy or suspicions on imaging 
study. Modified radical neck dissection (MRND) was per-
formed therapeutically only when the presence of meta-
static LNs in the lateral neck compartment (levels II, III, 
IV, V) was confirmed by biopsy or preoperative imaging 
studies. RAI ablation after surgery was performed at the 
clinician’s or multidisciplinary team’s discretion.

All patients were clinically evaluated and underwent 
laboratory tests, including those for the serum free thyr-
oxine, triiodothyronine, TSH, Tg, and serum antithyroglo-
bulin antibody (anti-TgAb) levels, every 3–6 months 
within 2 years of initial treatment. Imaging studies, includ-
ing neck ultrasonography, chest radiography, and neck 
computed tomography (CT), were routinely performed. 
Additional imaging studies, including chest CT, diagnostic 
whole-body iodine scan, or positron emission tomography 
with fluorodeoxyglucose/CT, were performed if needed. 
The serum TSH levels were considered stimulated at >30 
IU/mL following 4 weeks of levothyroxine hormone 
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Table 1 Baseline Characteristics of Patients

All Patients Training Cohort Validation Cohort

Training 
Cohort 

(N=1005)

Validation 
Cohort 
(N=700)

p-value Non-BIR 
(N=926)

BIR (N=79) p-value Non-BIR 
(N=659)

BIR (N=41) p-value

Age, years

<55 618 (61.5%) 469 (67.0%) 0.02 573 (61.9%) 45 (57.0%) 0.389 440 (66.8%) 29 (70.7%) 0.6

≥55 387 (38.5%) 231 (33.0%) 353 (38.1%) 34 (43.0%) 219 (33.2%) 12 (29.3%)

Sex

Female 855 (85.1%) 520 (74.3%) <0.001 798 (86.2%) 57 (72.2%) 0.001 495 (75.1%) 25 (61.0%) 0.044

Male 150 (14.9%) 180 (25.7%) 128 (13.8%) 22 (27.8%) 164 (24.9%) 16 (39.0%)

Tumor size

<2 cm 932 (92.7%) 616 (88.0%) 0.001 865 (93.4%) 67 (84.8%) 0.005 592 (89.8%) 24 (58.5%) <0.001

≥2 cm 73 (7.3%) 84 (12.0%) 61 (6.6%) 12 (15.2%) 67 (10.2%) 17 (41.5%)

Tumor number

1 565 (56.2%) 287 (41.0%) <0.001 527 (56.9%) 38 (48.1%) 0.165 267 (40.5%) 20 (48.8%) 0.573

2 249 (24.8%) 209 (29.9%) 229 (24.7%) 20 (25.3%) 198 (30.0%) 11 (26.8%)

More than 3 191 (19.0%) 204 (29.1%) 170 (18.4%) 21 (26.6%) 194 (29.5%) 10 (24.4%)

Histologic subtype

Classic 899 (89.4%) 550 (78.6%) <0.001 827 (89.3%) 72 (91.1%) 0.951 517 (78.5%) 33 (80.5%) 0.574

Follicular variant 66 (6.6%) 82 (11.7%) 62 (6.7%) 4 (5.1%) 79 (12.0%) 3 (7.3%)

Tall cell 28 (2.8%) 56 (8.0%) 26 (2.8%) 2 (2.5%) 51 (7.7%) 5 (12.2%)

Warthin-like 12 (1.2%) 12 (1.7%) 11 (1.2%) 1 (1.3%) 12 (1.8%) 0 (0%)

Extrathyroidal extension

No 506 (50.3%) 262 (37.4%) <0.001 483 (52.2%) 23 (29.1%) <0.001 257 (39.0%) 5 (12.2%) <0.001

Microscopic 438 (43.6%) 375 (53.6%) 391 (42.2%) 47 (59.5%) 352 (53.4%) 23 (56.1%)

Gross 61 (6.1%) 63 (9.0%) 52 (5.6%) 9 (11.4%) 50 (7.6%) 13 (31.7%)

Lymphovascular invasion

No 747 (74.3%) 412 (58.9%) <0.001 715 (77.2%) 32 (40.5%) <0.001 406 (61.6%) 6 (14.6%) <0.001

Yes 258 (25.7%) 288 (41.1%) 211 (22.8%) 47 (59.5%) 253 (38.4%) 35 (85.4%)

Multifocality

No 567 (56.4%) 287 (41.0%) <0.001 529 (57.1%) 38 (48.1%) 0.12 267 (40.5%) 20 (48.8%) 0.297

Yes 438 (43.6%) 413 (59.0%) 397 (42.9%) 41 (51.9%) 392 (59.5%) 21 (51.2%)

Bilaterality

No 697 (69.4%) 412 (58.9%) <0.001 648 (70.0%) 49 (62.0%) 0.141 388 (58.9%) 24 (58.5%) 0.966

Yes 308 (30.6%) 288 (41.1%) 278 (30.0%) 30 (38.0%) 271 (41.1%) 17 (41.5%)

Extent of LN excision

No 275 (27.3%) 9 (1.3%) <0.001 261 (28.2%) 14 (17.7%) <0.001 9 (1.4%) 0 (0%) <0.001

CLND 660 (65.7%) 522 (74.6%) 612 (66.1%) 48 (60.8%) 502 (76.2%) 20 (48.8%)

MRND 70 (7.0%) 169 (24.1%) 53 (5.7%) 17 (21.5%) 148 (22.4%) 21 (51.2%)

Site of LN metastasis

No 696 (69.3%) 249 (35.6%) <0.001 668 (72.1%) 28 (35.5%) <0.001 248 (37.6%) 1 (2.4%) <0.001

Central 243 (24.2%) 320 (45.7%) 209 (22.6%) 34 (43.0%) 299 (45.4%) 21 (51.2%)

Lateral 66 (6.6%) 131 (18.7%) 49 (5.3%) 17 (21.5%) 112 (17.0%) 19 (46.4%)

Number of metastatic LNs 1.27±3.43 3.77±5.47 <0.001 0.97±2.57 4.89±7.67 <0.001 3.33±4.92 10.68±8.46 <0.001

Number of excised LNs 5.08±8.00 20.15±21.13 <0.001 4.73±7.44 9.32±12.18 0.001 19.28±20.43 34.21±26.84 0.001

Metastatic/excised LN ratio 0.15±0.28 0.18±0.22 0.011 0.13±0.26 0.40±0.37 <0.001 0.17±0.21 0.39±0.25 <0.001

(Continued)
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withdrawal, whereas the serum anti-TgAb levels were 
considered abnormal at ≥40 IU/mL. The serum Tg and 
anti-TgAb levels were measured using the Siemens 
Immulite® 2000 thyroglobulin and antithyroglobulin 
assay (Siemens Healthineers, Erlangen, Germany), with 
the same method employed in the two hospitals.

Patients were excluded because of the following: presence 
of distant metastasis at diagnosis, absence of adequate clin-
icopathologic data for analysis, abnormal anti-TgAb levels at 
diagnosis or in the follow-up period, and experience of struc-
tural recurrence before DRS. In accordance with the exclusion 
criteria, three patients with distant metastasis at diagnosis, 33 
without adequate clinicopathologic data for the analysis, 42 
with abnormal anti-TgAb levels at diagnosis or in the follow- 
up period, and 21 with structural recurrence before DRS were 
excluded in the training cohort. In the validation cohort, 59 
patients without adequate clinicopathologic data, 15 with 
abnormal anti-TgAb levels at diagnosis or in the follow-up 
period, and two with structural recurrence before DRS were 

excluded. Finally, 1005 and 700 patients were assigned to the 
training and validation cohorts, respectively.

The DRS results were evaluated according to the stimu-
lated or unstimulated serum Tg levels, as obtained at 6–24 
months after the completion of the initial therapy. Among 
patients who underwent TT with RAI ablation, the DRS 
results were determined as follows: ER, unstimulated Tg 
level <0.2 ng/mL or stimulated Tg level <1 ng/mL and 
negative findings on imaging study; IR, unstimulated Tg 
level 0.2–1 ng/mL or stimulated Tg level 1–10 ng/mL and 
negative findings on imaging study; and BIR, unstimulated 
Tg level >1 ng/mL or stimulated Tg level >10 ng/mL and 
negative findings on imaging study. Among patients who 
underwent TT without RAI ablation, DRS results were deter-
mined as follows: ER, unstimulated Tg level <0.2 ng/mL or 
stimulated Tg level <2 ng/mL and negative findings on 
imaging study; IR, unstimulated Tg level 0.2–5 ng/mL or 
stimulated Tg level 2–10 ng/mL and negative findings on 
imaging study; and BIR, unstimulated Tg level >5 ng/mL or 

Table 1 (Continued). 

All Patients Training Cohort Validation Cohort

Training 

Cohort 
(N=1005)

Validation 

Cohort 
(N=700)

p-value Non-BIR 

(N=926)

BIR (N=79) p-value Non-BIR 

(N=659)

BIR (N=41) p-value

RAI ablation treatment

No 649 (64.6%) 220 (31.4%) <0.001 626 (67.6%) 23 (29.1%) <0.001 218 (33.1%) 2 (4.9%) <0.001

Yes 356 (35.4%) 480 (68.6%) 300 (32.4%) 56 (70.9%) 441 (66.9%) 39 (95.1%)

Interval between surgery and 

RAI ablation (months)

3.62±2.79 2.79±0.71 <0.001 3.53±1.86 4.12±5.54 0.431 2.81±0.72 2.64±0.62 0.151

RAI ablation treatment dose

100 mci 129 (36.2%) 480 (99.8%) <0.01 109 (36.5%) 19 (33.9%) 0.718 441 (99.8%) 39 (100%) 1

150 mci 227 (62.8%) 1 (0.2%) 190 (63.5%) 37 (66.1%) 1 (0.2%) 0 (0%)

Interval between initial 

treatment and DRS (months)

12.15±3.81 12.14±3.25 0.949 12.15±3.78 12.17±4.16 0.963 12.27±3.16 10.07±3.90 <0.001

Tg level in the DRS (ng/mL) 2.29±15.59 0.79±4.57 0.004 0.43±1.22 24.09±50.90 <0.001 0.11±0.25 11.75±15.30 <0.001

TSH level in the DRS (IU/mL) 12.07±27.39 1.88±10.78 <0.001 10.67±24.88 28.56±44.93 0.001 1.84±10.78 2.45±11.00 0.727

TSH stimulation in the DRS

No 850 (84.6%) 688 (98.3%) <0.001 794 (85.7%) 56 (70.9%) <0.001 648 (98.3%) 40 (97.6%) 0.518

Yes 155 (15.4%) 12 (1.7%) 132 (14.3%) 23 (29.1%) 11 (1.7%) 1 (2.4%)

Result of DRS

ER 673 (67.0%) 602 (86.0%) <0.001 673 (72.7%) 0 (0%) <0.001 602 (91.4%) 0 (0%) <0.001

IR 253 (25.2%) 57 (8.1%) 253 (27.3%) 0 (0%) 57 (8.6%) 0 (0%)

BIR 79 (7.9%) 41 (5.9%) 0 (0%) 79 (100%) 0 (0%) 41 (100%)

Abbreviations: BIR, biochemical incomplete response; CLND, central lymph node dissection; MRND, modified radical neck dissection; RAI, radioactive iodine; Tg, 
thyroglobulin; TSH, thyroid stimulating hormone; DRS, dynamic risk stratification; ER, excellent response; IR, indeterminate response, LN, lymph node.

https://doi.org/10.2147/CMAR.S320993                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 5644

Lim et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


stimulated Tg level >10 ng/mL and negative findings on 
imaging study.

Statistical Analyses
Descriptive characteristics are summarized as numbers and 
percentages for categorical variables and as means±stan-
dard deviations for continuous variables. For comparing 
the clinicopathologic characteristics between the groups, 
the Student’s t-test or Mann–Whitney U-test was used for 
continuous variables, and the chi-squared or Fisher’s exact 
test was used for categorical variables to assess the differ-
ences in the distribution of the variables.

Regarding the construction of the nomogram, data on the 
training cohort were used for nomogram model development. 
First, univariate and multivariate logistic regression analyses 
with the backward stepwise procedure, based on the Akaike 
information criterion, were performed to determine significant 
predictors of BIR among the variables in the training cohort. 
Subsequently, these significant predictors were selected for the 
development and construction of a nomogram for BIR predic-
tion. To construct the nomogram, each regression beta- 
coefficient of variables in the multivariate logistic regression 
was proportionally converted to a 0–100-point scale. The 
variable with the highest beta-coefficient value was assigned 
100 points, and the others were assigned 0–100 points accord-
ing to the beta-coefficient value relative to the highest one. 
After the assignment of scores to each variable, the individual 
scores for each patient in the training and validation cohorts 
were calculated, which were subsequently used to estimate the 
individual BIR risk. To assess the predictive accuracy and 
discrimination of the nomogram in the training cohort, receiver 
operating characteristic (ROC) curves with areas under the 
curve (AUC) were calculated using the individual scores. 
Next, the internal validity of the prediction model was tested 
with 1000-bootstrap resampling to reduce the effect of over-
fitting bias. The degree of calibration was assessed with cali-
bration plots (1000-bootstrap resampling) and the Hosmer– 
Lemeshow (HL) goodness-of-fit test. In the HL goodness-of- 
fit test, the level of model calibration assessment was consid-
ered adequate at values of p>0.05. For external validation, the 
nomogram performance was assessed in the validation cohort 
using the same methods as those employed in the training 
cohort.

All statistical analyses were performed using SPSS 
Statistics for Windows, version 12.0 (SPSS Inc., Chicago, 
IL, USA) or R version 4.0 (R Foundation for Statistical 
Computing, Vienna, Austria). Odds ratios (ORs) were pre-
sented with their 95% confidence intervals (CIs). All 

statistical tests were two-sided, and the significance level 
was set at p<0.05.

Results
Baseline Characteristics
Overall, 1705 (1005, training cohort; 700, validation cohort) 
patients were included. In the training cohort, 79 patients 
(7.86%) had BIR on DRS and 926 (92.14%) had no BIR. In 
the validation cohort, 41 patients (5.85%) had BIR on DRS 
and 659 (94.15%) had no BIR. The clinicopathologic data 
on the study cohort are presented in Table 1.

In the training cohort, the BIR group had significantly 
more male patients; a larger tumor size; higher rates of 
extrathyroidal extension (ETE), lymphovascular invasion 
(LVI), RAI, and MRND; and increased incidence of cen-
tral and lateral LN metastases, number of metastatic LNs, 
number of excised LNs, and metastatic/excised LN ratio 
than the non-BIR group. The same findings were observed 
in the validation cohort; in addition, the BIR group showed 
a shorter interval between the initial treatment and DRS, 
and increased Tg levels in the DRS.

Between the training cohort and validation cohort, sig-
nificant differences were observed in the following para-
meters: age, sex, tumor size, tumor number, histologic 
subtype, ETE, LVI, multifocality, bilaterality, extent of 
LN excision, site of LN metastasis, number of metastatic 
LNs, number of excised LNs, metastatic/excised LN ratio, 
RAI ablation treatment, interval between surgery and RAI 
ablation, RAI ablation treatment dose, stimulated Tg and 
TSH levels in the DRS, and DRS result.

Determining the Predictors of BIR and 
Nomogram Construction
To determine the predictors of BIR, univariate and multi-
variate logistic regression analyses were performed (Table 2). 
The multivariate analysis demonstrated that age ≥55 years 
(OR: 1.686, 95% CI: 1.018–2.794, p=0.042), male sex (OR: 
1.851, 95% CI: 1.037–3.303, p=0.037), site of LN metastasis 
(central: OR: 2.316, 95% CI: 1.120–4.791, p=0.024; lateral: 
OR: 3.470, 95% CI: 1.416–8.500, p=0.007), presence of ETE 
(microscopic: OR: 1.804, 95% CI: 1.049–3.105, p=0.033; 
gross: OR: 2.547, 95% CI: 1.059–6.127, p=0.037), and pre-
sence of LVI (OR: 2.146, 95% CI: 1.076–4.282, p=0.03) 
were significantly associated with BIR.

In addition to the abovementioned five significant predic-
tors, the tumor size was included to construct the nomogram 
for the prediction of BIR risk, as it is a well-known prognostic 
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factor for PTC, although statistical significance was not 
achieved in our multivariate analysis. Finally, six predictors 
(age, sex, tumor size, site of LN metastasis, ETE, and LVI) 
were used to construct a BIR risk prediction nomogram 
(Figure 1).

Internal and External Validation of the 
Nomogram for BIR Prediction
In the training cohort, the ROC curve analysis showed 
good predictive performance and discrimination, with an 
AUC of 0.765 (95% CI: 0.712–0.818) (Figure 2A). After 
bootstrapping for internal validation, the bootstrap- 
corrected AUC of the prediction model was 0.76 (95% 
CI: 0.709–0.816) with 1000 resampling. The calibration 
plot showed good agreement between the nomogram’s 

prediction and the actual observation (Figure 2B), and 
the HL test did not suggest a lack of fit (p=0.1613).

Subsequently, to overcome the limitations of internal 
validation, we conducted an external validation to determine 
the generalizability of the prediction model using a validation 
cohort. In the external validation performed in the validation 
cohort, the AUC was 0.828 (95% CI: 0.768–0.889) in the 
ROC curve analysis, and the calibration plot showed a good 
calibration level (Figure 3A and B). The HL test did not 
suggest a lack of fit (p=0.2161). Although the training and 
validation cohorts had different baseline characteristics, the 
performance of the model remained good.

Discussion
In this study, we developed and validated a nomogram 
for BIR risk prediction on DRS in PTC patients without 

Table 2 Univariate and Multivariate Logistic Regression Analyses for the Prediction of BIR Risk Factors in the Training Cohort

Variables Univariate Multivariatea

OR (95% CI) p-value Beta OR (95% CI) p-value

−3.917b

Age, years <55 1 (reference) 1 (reference)

≥55 1.694 (1.018–2.819) 0.043 0.523 1.686 (1.018–2.794) 0.042

Sex Female 1 (reference) 1 (reference)

Male 1.829 (1.018–3.288) 0.044 0.616 1.851 (1.037–3.303) 0.037

Histologic subtype Classic 1 (reference)

Follicular variant 0.953 (0.322–2.820) 0.93 – – –
Tall cell 0.388 (0.084–1.796) 0.226

Warthin-like 1.025 (0.120–8.735) 0.982

Tumor size <2 cm 1 (reference) 1 (reference) –

≥2 cm 1.306 (0.617–2.767) 0.486 0.236 1.266 (0.602–2.661) 0.534

Site of LN metastasis No 1 (reference) 1 (reference)

Central 2.187 (1.053–4.540) 0.036 0.84 2.316 (1.120–4.791) 0.024

Lateral 3.296 (1.324–8.206) 0.01 1.244 3.470 (1.416–8.500) 0.007

Extrathyroidal extension No 1 (reference) 1 (reference)

Microscopic 1.753 (1.010–3.041) 0.046 0.59 1.804 (1.049–3.105) 0.033
Gross 2.576 (1.056–6.284) 0.037 0.935 2.547 (1.059–6.127) 0.037

Lymphovascular invasion No 1 (reference) 1 (reference)
Yes 2.270 (1.131–4.554) 0.021 0.764 2.146 (1.076–4.282) 0.03

Multifocality No 1 (reference) – – –
Yes 1.056 (0.512–2.178) 0.882

Bilaterality No 1 (reference) – – –

Yes 1.022 (0.483–2.161) 0.955

Notes: aAdjusted for age, sex, histologic subtype, size, site of lymph node metastasis, ETE, LVI, multifocality, and bilaterality. bIntercept. 
Abbreviations: BIR, biochemical incomplete response; OR, odds ratio; CI, confidence interval; LN, lymph node; ETE, extrathyroidal extension; LVI, lymphovascular 
invasion.
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structural recurrence using the following predictors in 
the multivariate analysis: age ≥ 55 years, male sex, 
central and lateral LN metastasis, ETE, and LVI. 
Additionally, the nomogram was successfully validated 

through internal and external validations using an inde-
pendent cohort dataset. The clinical and pathologic risk 
factors in our model could be easily corrected, minimiz-
ing the degree of variation in the collection of patients’ 

Figure 1 Nomogram for biochemical incomplete response risk prediction in papillary thyroid cancer patients.

Figure 2 (A) Receiver operating characteristic curve analysis of the nomogram in the training cohort. (B) Calibration plot of the nomogram in the training cohort with 
bootstrapping. 
Abbreviation: AUC, area under the curve.
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data and improving the general applicability of the pre-
diction model.

Per the ATA guideline, a BIR on DRS is observed in 11– 
19%, 21–22%, and 16–18% of low-risk, intermediate-risk, 
and high-risk patients, respectively.12,13 In previous studies, 
the definition of BIR was based on several factors, such as 
whether the patient underwent RAI ablation treatment or 
whether Tg production was stimulated on DRS. The 2015 
ATA guideline suggests the use of the Tg levels for defining 
BIR on DRS in PTC patients who underwent RAI ablation: 
stimulated Tg >10 ng/mL or unstimulated Tg >1 ng/mL. 
Subsequently, several previous studies have suggested the 
following cut-off points for defining BIR in PTC patients 
who have not undergone RAI ablation treatment: stimulated 
Tg >10 ng/mL or unstimulated Tg >5 ng/mL.14,15 However, 
this definition has not been fully validated, and our study 
results should be interpreted with caution, as patients who 
had not undergone RAI ablation were included in the train-
ing (64.6%) and validation (31.4%) cohorts.

The prognoses of patients with BIR on DRS are gen-
erally favorable; 56–68% of patients with BIR are finally 
classified to have “no evidence of the disease,” 19–27% 
experience a persistent abnormal Tg value without struc-
tural recurrence, and 8–17% develop structural recurrence 
over a 5–10-year follow-up period.12,13,16 Interestingly, 

previous studies have not reported the disease-specific 
death rates in patients with BIR over a 10-year follow-up 
period, implying that the clinical significance of BIR in 
disease-specific mortality is relatively low. However, the 
clinical impact of BIR cannot be ignored concerning the 
disease recurrence, which may lead clinicians to drive 
excessive efforts toward the identification and treatment 
of potential recurrence. Tuttle et al reported that patients 
with BIR on DRS are exposed to subsequent aggressive 
TSH suppression, frequent imaging, and additional treat-
ments, including empirical RAI ablation or surgical 
exploration.11 In these patient, surgical exploration may 
be associated with complications, including parathyroid 
gland and recurrent laryngeal nerve injury.17–19 

Therefore, along with efforts aimed at reductions in the 
excessive management of patients with BIR, clinicians 
should consider the possibility of frequent evaluation and 
active treatment strategy for the identification and treat-
ment of potential recurrence in patients with a high pre-
dicted risk of BIR on DRS. Our prediction model may 
contribute to BIR risk prediction in PTC patients and aid 
in the formulation of reliable and individualized manage-
ment strategies.

Risk factors for BIR on DRS in PTC patients have been 
investigated previously. In a study on 554 PTC patients, 

Figure 3 (A) Receiver operating characteristic curve analysis of the nomogram in the validation cohort. (B) Calibration plot of the nomogram in the validation cohort with 
bootstrapping. 
Abbreviation: AUC, area under the curve.
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Danilovic et al reported that the presence of gross ETE was 
a significant risk factor for BIR,7 whereas Mendoza et al 
demonstrated the following risk factors: male sex, extent of 
LN metastasis, ETE, and multifocality.20 The total RAI 
treatment dose and presence of BRAF V600E mutations 
have also been identified as significant risk factors for BIR 
in PTC patients.4,21 However, these studies only reported 
the possible risk factors for BIR and have not suggested 
a comprehensive prediction model for calculating the BIR 
risk in individual PTC patients. The risk factors identified in 
our study correspond to those noted in previous studies, and 
our model can predict patients’ risk for BIR on DRS con-
sidering the relative weight of individual risk factors. 
Although the clinicopathologic characteristics noted in the 
training and validation cohorts were different, the consistent 
performance of the prediction model in the two cohorts 
implied its general applicability.

Our study had several limitations. First, the BRAF 
V600E mutation status of patients was not evaluated, 
which was associated with poor prognoses in PTC.22,23 

Although Kowalska et al reported that the BRAF V600E 
mutation status was not significantly correlated with the 
response to initial therapy,24 the inclusion of BRAF muta-
tion status as a predictor may enhance the performance of 
our prediction model. However, we were unable to include 
this parameter because a large number of patients had 
missing data. Second, data were retrospectively collected, 
indicating a potential selection bias. Third, the number of 
BIR events in our study was relatively small, which may 
have negatively affected the power of the prediction model. 
Fourth, although the size of the LN metastasis was consid-
ered an important risk factor for recurrence in the 2015 ATA 
guideline, this was not investigated in our study. Finally, our 
study only used the serum Tg levels and not the anti-TgAb 
levels for defining BIR on DRS, which was inconsistent 
with the definition of BIR in the 2015 ATA guideline. 
However, we employed the ambiguous cut-off range for 
the anti-TgAb levels to define BIR on DRS, which was 
only referred to as the “rising level” in the 2015 ATA 
guideline. Although previous studies have reported on the 
association between the increasing anti-TgAb levels and 
PTC recurrence,25–29 they have not suggested a distinct cut- 
off range for increasing the anti-TgAb values. Despite these 
several limitations, our study established and validated the 
nomogram with good performance for predicting BIR risk 
on DRS in PTC patients. A more properly designed future 
study would help improve the reliability of our prediction 
model.

Conclusion
In conclusion, this study presented a nomogram that could 
effectively predict BIR risk in the DRS of PTC patients with-
out structural recurrence. Further studies are needed to evalu-
ate the practicality of our nomogram in real-world clinical 
situations.
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